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The objective of this meta-analysis was to evaluate the association of various malocclusion characteristics with temporomandibular
disorders (TMDs). Two reviewers identified articles through database searches ofMEDLINE (Ovid) and LILACS and hand searches
of major orthodontic journals and selected references. Random-effects models were used to calculate weighted pooled odds ratio
(OR) estimates of malocclusion exposures. Six articles qualified for inclusion in the final quantitative analysis. Our study found that
static occlusal factors had no significant association with TMD.Of the dynamic occlusal factors assessed, only the absence of canine
guidance, laterotrusive interferences, and retruded contact position to maximal intercuspation slide length ≥2mm demonstrated
significant ORs.These results should be viewed with caution, as reporting biases were difficult to assess, and heterogeneity estimates
may have been underestimated due to the limited number of studies within each comparison. TMD is a term that encompasses
a broad group of dysfunctions, and meta-analyses should only synthesize studies with similar diagnostic criteria. At the present,
there is a paucity of studies available that could be properly synthesized to answer the research question posed. Individual studies
have too much variability among their methods, and researchers need to clearly define and state their TMD factor definition.
1. Introduction
Twenty years ago, a comprehensive literature review [1] of
occlusion, orthodontic treatment, and temporomandibular
joint disorders (TMDs) spearheaded by McNamara et al.
concluded that the association between occlusion and TMD
remained minor, with some studies estimating that occlusion
contributed to 10–20% of TMD cases [2, 3]. McNamara et al.
suggested that orthodontic treatment did not increase or
decrease the odds of developing TMD in the future, and,
ultimately, their group recommended that clinicians manage
TMD with reversible therapies until more definitive results
were available. This caution stemmed from the fact that
studies evaluated demonstrated what McNamara et al. con-
sidered to be “significant methodological weaknesses” [1].
Dworkin and LeResche [4] developed the most compre-
hensive case definition for TMD, the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD).
Since that development, several researchers have attempted
to revisit the updated literature and review the interactions
of morphological and functional occlusal factors and TMD.
With large prospective efforts, like the OPPERA study [5],
the research community is moving toward a systemic model
of TMD and focusing on the comorbidities. However, within
orthodontic community, the concept of TMD as a conse-
quence ofmalocclusion is still promoted not only in academic
circles, but also clinically [6, 7]. This disagreement poses
a major limitation to both dental clinicians and educators.
Within orthodontic training, there does not exist a stan-
dardized case-finishing protocol for TMD cases, primarily
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because there is no standardized curriculum or consensus
school of thought [8].
Since the introduction of the RDC/TMD diagnostic
criteria, researchers have begunmaking efforts to standardize
their case definitions of TMD, and as a result it is of clinical
interest to revisit the associations of malocclusion character-
istics with TMD given the improved materials and methods
of TMDresearch over the past twenty years.This study sought
to overcome the methodical weaknesses and heterogeneity
of previously published analyses by only synthesizing studies
with similar TMD case definitions. It is hypothesized that
studies conducted with a similar case definition of TMD
would demonstrate associations with similar malocclusion
exposures.
2. Methods and Procedures
2.1. Search Strategies. The search strategy for this review was
designed with the assistance of a specialized health-sciences
librarian. Electronic database searches were conducted with
Medical Subject Headings, keywords, and keyword com-
binations. Electronic search criteria included malocclusion
and TMD and temporomandibular joint (TMJ) search terms.
Appropriate truncations andword combinationswere used in
each search.The literature review spanned from the inception
of the database until June 2014 on an electronic search
of MEDLINE (Ovid) and LILACS. The hand search was
limited to four journals (American Journal of Orthodontics
and Dentofacial Orthopedics, Angle Orthodontist, European
Journal of Orthodontics, and Journal of Dental Research) from
1990 through 2014, and selected references were inspected to
locate other relevant articles. Electronic, hand, and reference
results were cross-referenced in EndNote to eliminate dupli-
cate studies. Papers in a language other than English were
included only if they could be translated.
Two independent reviewers screened the results of the
searches. The first screening of references was performed
using the titles, and the second screening was performed
using abstracts. Abstracts identified as useful were coded
for potential inclusion. When the reviewers disagreed about
classification during the second screening, reasons were
identified and discussed until a consensus could be reached.
Full-text articles were retrieved when both reviewers felt that
the articles potentially met the inclusion criteria. The full
texts were read and then ultimately included or excluded
based upon how well the studies met the inclusion/exclusion
criteria. Data were extracted from all included studies into a
spreadsheet.
2.2. Inclusion/Exclusion Criteria. This review aimed to
include randomized control studies (RCTs), cohort studies,
and case/control studies conducted with adults populations
that defined TMD as a dysfunction of myofascial pain with
the assistance of a clinical examination. Ultimately, it was
decided that case/control studies would be used given the
dearth of RCTs and cohort studies on malocclusion and
TMD. Studies evaluating osteoarthritis and genetic disorders
as generalized joint hypermobility as well as studies only
evaluating the effects of occlusal trauma or parafunctions
on the TMJ were excluded. The population was limited to
humans. Since the TMD treatment needs in children and
adolescents have been reported to be only 2–4% in a given
population, this study only focused on adult participants
with clinically relevant TMD. For all included case/control
studies, the exposures were malocclusion, and the disease or
outcome was TMD. The authors conducted a meta-analysis
and calculated a weighted pooled odds ratio (OR) estimate
when two or more of the included studies evaluated the same
malocclusion exposure.
3. Results
Figure 1 outlines the results of the search process that culmi-
nated in 6 studies being selected for final quantitative analysis.
The electronic search identified a total of 815 publications and
the hand search identified an additional 361 publications. 57
studies from the electronic search and 18 studies from the
hand search evaluated the association between malocclusion
and TMD. Only 73 articles were retrieved for full-text review,
as 2 articles from the LILACS search were unavailable in
full text. The retrieved full-text publications were read, and
10 articles met the requirements of the inclusion criteria
by consensus between authors. From these articles, the
investigators listed all of the malocclusion risk factors that
had been determined to have influenced the development of
TMD. An assessment of the retrieved articles was performed
based on 8 preestablished characteristics (Table 1).
For the quantitative analysis, 3 studies [16–18] were
excluded because of inadequate statistics and 2 of them [16,
17] only presented adjusted odds ratios (OR). For those 2
studies, both authors were contacted for unadjusted ORs, but
neither was able to retrieve his/her original dataset. One of
the excluded studies [18], in addition to having inadequate
statistics, incidentally did not evaluate TMD as an outcome
and had a small sample size. Withdrawals (dropouts) were
declared in 3 studies [12, 13, 17], and it is possible that the
dropouts affected the study group characteristics.Three stud-
ies explicitly mentioned the use of blinded examiners [11, 12,
14, 16]. Intrarater or interrater calibration and measurement
reproducibility were assessed in 6 studies [9, 11–13, 16, 18], and
of the remaining 4 studies, all used a single trained operator
[10, 14, 15, 17].
Some attempts were made in 7 studies [9–11, 13, 14, 17,
18] to match cases and controls, but none of these efforts
proved satisfactory, as there were no cases where more than
2 characteristics matched the controls. Of those studies that
did attempt to match study groups, 3 studies [9, 10, 14]
controlled for gender through inclusion criteria by exclusively
enrolling female subjects. Three studies [14, 16, 17] controlled
for selected post hoc confounders by adjusting odds ratios;
however, adjusted odds ratios were not considered in this
analysis [14, 16, 17]. A total of 6 studies addressing the
association of occlusal factors with TMD were ultimately
included in the analysis (Table 2) [9–14]. ORs ofmalocclusion
exposures were recorded for each included study (Table 3).
Mohlin et al.’s work [13] was included despite the absence of a
formal Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) diagnostic criterion because each
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Figure 1: Flow chart describing systematic research search and study selection process.
TMD diagnosis was conducted with a clinical examina-
tion and the criteria appeared to align with those of the
RDC/TMD Axis 1 group 1 diagnostic algorithm. Costa et al.’s
study [15] was excluded despite adequate data and case-
control design because the Fonseca questionnaires used for
TMDdiagnoses were conducted through interviews and self-
reports without clinical examinations.
3.1. Characteristics of the Included Studies. The individual
sample sizes (Table 2) of the studies ranged from 102 to
1018 subjects with three of the studies enrolling only female
subjects. All included studies had diagnosed TMD cases with
the aid of a clinical examination. Within a given study, the
same trained operator(s) conducted the clinical evaluation
for occlusal factors, but only two studies [13, 14] mentioned
operator blinding. Four studies were guided by an Axis 1
RDC/TMD classification, with one study [12] including the
Axis 1 RDC/TMD criteria as only one among many other
possible indications for TMD diagnosis. Three studies [9,
10, 12] defined TMD exclusively as a muscular disorder.
Of the remaining three studies, one [14] defined TMD by
an RDC/TMD classification without specifying the axis,
another defined TMD by an Axis I RDC/TMD without
specifying the group [11], and the third defined TMD from
a list of five indications that included both muscular and
joint dysfunction [13]. One study used a 2-wave longitudinal
cohort design deriving both controls and cases from the same
sample of respondents with complete follow-up data [12].
3.2. Quantitative Results of the Meta-Analysis. This study
evaluated the association between the presence of occlusal
variables and the diagnosis of TMD. A random-effects model
meta-analysis of two studies resulted in an overall pooled
odds ratio of laterotrusive interferences of 2.190 (95% CI
[1.259, 3.808], 𝑝 = 0.005, and 𝐼2 = 0%) (Figure 2(a)), which
suggested that the presence of working side interferences
increased the odds of TMD diagnosis. This effect was highly
significant. Likewise, a similar analysis of the overall pooled
odds ratio for patientswithout canine guidance demonstrated
that the absence of canine guidance significantly increased
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Figure 2: Forest plot estimate of the odds ratio for (a) laterotrusive interferences, (b) no canine guidance, (c) RCP-MI discrepancy ≥ 2mm,
(d) mediotrusive interferences, (e) open-bite, (f) overbite, and (g) overjet.
the odds of TMD diagnosis (OR = 2.446, 95% CI [1.573,
3.802], 𝑝 < 0.001, and 𝐼2 = 9.33%) (Figure 2(b)) as did
retruded contact position to maximal intercuspation dis-
crepancies ≥ 2mm (RCP-MI) (OR = 1.668, 95% CI [1.032,
2.695], 𝑝 = 0.037, and 𝐼2 = 12%) (Figure 2(c)). Funnel
plots for assessing the reporting were only provided for the
analysis of canine guidance where the number of studies
combined was at least three (Figure 3). In the absence of
bias and heterogeneity, a funnel plot should resemble a
symmetrically inverted funnel. If reporting or selection bias
was present, such as unpublished smaller studies without
statistically significant effects, this would lead to the asym-
metrical appearance of a funnel plot. Overall pooled odds
ratios for mediotrusive interferences (OR = 1.396, 95% CI
[0.764, 2.552], 𝑝 = 0.278, and 𝐼2 = 69%) (Figure 2(d)), open-
bite (OR = 0.828, 95% CI [0.451, 1.520], 𝑝 = 0.543, 𝐼2 = 0%)
(Figure 2(e)), overbite (OR = 0.809, 95% CI [0.544, 1.202],
𝑝 = 0.293, and 𝐼2 = 11%) (Figure 2(f)), and overjet (OR =
1.196, 95% CI [0.744, 1.923], 𝑝 = 0.459, and 𝐼2 = 0%) did not
prove to be significant (Figure 2(g)). The combined analysis
for mediotrusive interferences showed significant (𝐼2 = 69%,
𝑝 = 0.0119) heterogeneity (Table 4).
4. Discussion
Our study found that static occlusal factors (overjet, overbite,
open-bite, and crossbite) had no significant association with
TMD. Of the dynamic occlusal factors assessed, only the
absence of canine guidance, laterotrusive interferences, and
Table 4: Assessment of heterogeneity.
𝑄-value df 𝑝 value 𝐼2
Laterotrusive interferences 0.313 1 0.576 0%
Mediotrusive interferences† 8.835 3 0.032† 66%
No canine guidance 2.206 2 0.332 9%
Open-bite 1.130 3 0.770 0%
Overbite 4.476 4 0.345 11%
Overjet 0.262 4 0.992 0%
RCP-MI ≥ 2mm 2.268 2 0.322 12%
†Significant heterogeneity.
RCP-MI discrepancies ≥ 2mmdemonstrated significant ORs
when pooled across studies. Mediotrusive interferences did
not show significance.These results suggest that dysfunctions
of dynamic occlusion may act as risk factors for TMD.
It has been hypothesized that TMD arises from a neces-
sary combination of both orthopedic instability surrounding
the TMJ and loading of the joint itself [19]. Orthopedic
instability is not synonymous with malocclusion. Some
malocclusions are orthopedically stable, and therefore only
malocclusions that disrupt the stomatognathic structure
should be considered as risk factors for developing TMD.
Static occlusal dysfunctions have the potential to act as risk
factors only if they involve significant orthopedic deviations
to achieve intercuspation. Our results appear to support the
position that the human TMJ is able to adapt to small, static
Journal of Oral Diseases 9
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Figure 3: Funnel plot for the assessment of publication bias in (a) no-canine guidance, (b) RCP-MI discrepancy, (c) mediotrusive
interferences, (d) open-bite, (e) overbite, and (f) overjet.
occlusal discrepancies and can therefore tolerate considerable
variation without showing signs of pathology.
Dynamic occlusal factors are of greater interest because
of their potential to disrupt the TMJ. Our study found that
laterotrusive interferences, the absence of canine guidance,
and RCP-MI discrepancies ≥ 2mm were associated with the
presence of TMD. Lateral-side shifts of the mandible displace
the working-side condyle and thus introduce orthopedic
instability. Laterotrusive interferences have immediate, sig-
nificant effects on working-side condylar movement, reduc-
ing the rotation of the mandible about the anteroposterior
and superoinferior axes [20, 21]. Loading these restricted
condylar positions could contribute to TMD pathogenesis;
however loading forces were not measured in the included
10 Journal of Oral Diseases
studies. Canine guidance is protective as it disoccludes
premolars and molars and avoids posterior loading during
excursive mandibular movements. Likewise, RCP-MI dis-
crepancies ≥ 2mm represent the loss of a natural protective
factor during mandibular excursion. Thus, the present find-
ings of an association between dynamic occlusal factors and
TMDmay support at least in part the hypothesis that a stable
occlusion is important to maintain the relationship between
joint structures.
This analysis represents the first known effort to com-
bine the quantitative results of multiple studies that used
a similar TMD definition. The great variability in TMD
disease definitions across the literature makes the synthesis
of study findings difficult unless all studies includedwithin an
analysis share a similar definition. A limitation of our analysis
was the paucity of comparable case/control studies defining
TMD specifically as a dysfunction of myofascial pain. Our
results for heterogeneity within each comparison should be
interpreted with caution. In small meta-analyses such as this
one, an incorrect zero between study variance estimates may
be obtained, leading to a false assumption of homogeneity.
Although many meta-analyses include between 2 and 4
studies, such a sample is often inadequate for accurately
estimating heterogeneity.
The variety of RDC/TMD algorithms available is desig-
ned to encompass the entire spectrum of TMD disorders.
Axis 1 RDC/TMD algorithms follow a dental mechanistic
etiology and diagnose TMDwith a clinical physical examina-
tion. Axis 2 algorithms follow a biopsychosocial etiology and
diagnose TMD with a series of biobehavioral questionnaires.
Each axis is further subdivided into a series of groups,
each with their own diagnostic algorithm. By this way, the
TMD diagnosis is assigned to a specific disorder. Without
knowing the axis and group used, the TMD definition
remains unknown to the reader. The primary difficulty in
conducting this meta-analysis lies in the variety of TMD
definitions that researchers used. This meta-analysis defined
TMD as a muscle disorder, approximating an Axis 1 group
1. It was thought that the compounded forces generated by
malocclusion would not be great enough to precipitate disc
displacement (Axis 1 group 2). As a result, the majority
of TMD experienced by patients with malocclusion would
likely originate from muscular dysfunction. Despite our best
efforts, the final 6 studies ultimately varied in the precise way
they defined TMD whether it was by a muscular checklist,
an RDC/TMD criterion, or a muscular/joint dysfunction on
clinical examination. Not only did researchers use a variety
of sometimes unvalidated diagnostic criteria, but also many
researchers were not explicit in their TMD definitions. For
example, Marinho used an RDC/TMD Axis 1 definition but
did not specify the group algorithm. Likewise, Selaimen only
mentioned that an RDC/TMD definition was used.
Because TMD is an umbrella term covering a variety
of conditions, researchers should be aware that vague def-
initions make their results difficult to interpret clinically.
The authors of this study were often left with the role
of inferring crucial study details in order to assess the
comparability among studies for inclusion. Ideally, TMD
researchers should use the appropriate TMD/RDC axis and
group that reflect their desired disease definition. Quality
meta-analyses could then be conducted pooling those studies
to yield clinically meaningful results. It should be noted that
the updatedDC/TMD criteria released in February 2014 were
not available to the authors for use at the time of this meta-
analysis. The RDC was introduced with the intension of
future revision, and the revised DC improves on the validity
and accuracy of RDC Axis 1 diagnostic category. Of note, the
DC/TMDAxis 1 group 1 diagnostic criterion is now a physical
assessment of pain-related disorders and includes a question-
naire to screen for pain. Presently, case/control studies using
this updated diagnostic criterion are not available.
Other sources of bias include blinding and confounding
factors that were either unmentioned or unaccounted for. For
instance, only 2 included studies [12, 14] explicitly mentioned
examiner blinding in theirmethods. After carefully reviewing
themethods of the remaining included studies, it was decided
that another 3 studies [9, 11, 13] left open the possibility
of blinding. This is cause for concern because some of
the presumably unblinded studies reported several signifi-
cant findings that were synthesized in this study’s analysis.
Additionally, orthodontic and TMD treatment are serious
confounders that mask exposure and disease status, respec-
tively. Ideally, a history of orthodontic treatment should
be a criterion for exclusion when assessing malocclusion
exposure. Selaimen et al. and Marklund et al. did not assess
the history of orthodontic or TMD treatment in their subjects
[12, 14], and although Mohlin did take note of orthodontic
treatment history, it is unclear how or if that information
factored into the study design [13]. Interestingly, Landi is a
coauthor of Fantoni’s study, which comes 6 years after Landi’s
own, and this may have biased Fantoni’s findings, although
their relationship is unclear. Authors should be explicit
about both the orthodontic status of their subjects and the
precautions taken, either through exclusion or matching, to
control confounding variables.
Another limitation of our analysis lies in the exclusive use
of unadjusted odds ratios (OR).There is no documented con-
sensus about whether or how to synthesize adjusted findings
[22]. To reduce heterogeneity, the simplest strategy would
be including only unadjusted results in a pooled analysis.
This approach, although the simplest, may not necessarily
be appropriate. Because it has been proposed that TMD is
multifactorial, the pairwise comparisons of thismeta-analysis
may be inadequate to address the etiology. It should be noted
that because authors rounded their data, some log 95% CI
were asymmetric [22]. As a result, we needed to adjust some
ORs and confidence interval limits by ±0.01 to make their
values symmetric.
5. Conclusions
Quantitative results from the current study should be inter-
preted with caution. Our results suggest that dysfunctions of
dynamic occlusion may act as risk factors for TMD.
Authors intending to conduct meta-analyses evaluating
TMD should be aware that many studies in TMD research do
not follow standardized diagnostic criteria, making it difficult
to compare results in a quantitative analysis. This study
Journal of Oral Diseases 11
encourages future TMD investigators to use and follow the
appropriate updated TMD/DCdiagnostic criteria. Authors of
TMD research should be sure to clearly define and state the
axis and group of the algorithm used.
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